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The optimal timing for collection of a single serum specimen to diagnose measles by using a monoclonal antibody-capture EIA was evaluated. Results of testing paired serum samples from 166 measles cases with at least 1 IgM-positive specimen were analyzed. Among persons whose second samples were IgM-positive, the seropositivity rate for first samples was 77% when collected within 72 hand 100% when collected 4-11 days after rash onset. Among unvaccinated persons whose first samples were IgM-positive, the rate for IgM positivity of second specimens declined from 100% at 4 days to 94% at 4 weeks after rash onset, then declined further to 63% at 5 weeks. Some previously vaccinated persons became IgM-negative during the third week after rash onset. In general, a single serum specimen collected between 72 hand 4 weeks after rash onset can be used to diagnose most cases of measles with an IgM capture EIA.
Measles continues to be a major health problem worldwide, with ---45 million cases globally each year [1] . The Pan American Health Organization is working toward the elimination of measles from Central and South America [2] . These elimination efforts have created renewed interest in sensitive and specific diagnostic assays that can be used by countries throughout the world to diagnose measles infections.
Currently, many different serologic techniques are used to diagnose measles; these are based on detecting either IgM or IgG antibodies [3, 4] . Serologic assays that detect IgG antibodies, including hemagglutination inhibition, RIA, plaque reduction neutralization, and microneutralization, have the disadvantage of requiring acute-and convalescent-phase specimens to measure a rise in IgG antibodies. Assays that detect IgM antibodies, such as RIAs and EIAs, often can be used to diagnose measles by testing only a single serum specimen. RIAs are reliable but have the disadvantage of requiring adequate facilities to store, use, and dispose of radioactive material. Most commercially available EIA kits use an indirect format. Although this format is relatively simple to use, its increased risk of false-positive results [5] and lower sensitivity can lead to misclassification of individual cases and outbreaks of measles-like illness. For instance, one such assay had an estimated sensitivity and specificity of 86%.and 81 %, respectively [6] .
An antibody-capture EIA configuration for the detection of measles-specific IgM has proven more sensitive and specific (97% and 99%, respectively) and reduces the chance of a falsepositive result due to rheumatoid factor [7, 8] . In addition to the assay design, the timing of specimen collection can affect the ability to detect measles infection reliably. In this report, we describe the effect that the timing of specimen collection after onset of rash illness has on the ability to detect measles IgM antibody response by using an antibody-capture EIA.
Materials and Methods
Serum specimens. We selected a subset of specimens from patients with measles infection. This subset was identified from the >6000 clinical specimens tested in the Measles Laboratory, Centers for Disease Control and Prevention, over the last 5 years from measles outbreaks, vaccine trials, studies of rash illness, and isolated cases of presumed measles infection. The patients chosen met the following conditions: availability of 2 serum specimens, at least 1 of the serum specimens was IgM-positive, date of onset of rash was available, and the patient had no history of measles vaccination in the 8 weeks before onset of rash illness.
Capture EIA. The IgM assay was done as described by Hummel et al. [8] . EIA results were expressed as the average difference in measured optical density values between duplicate wells of positive antigen (P) and negative tissue culture control antigen (N) for each serum specimen. The cutoff value was calculated at > 3 times the mean P -N value for the antibody-negative control sera. In addition, PIN ratios of~3 were required to account for high background signal in occasional specimens. If only one of these conditions was met, the specimen was considered borderline.
Data analysis. We calculated the rates of IgM positivity for the first specimens by time after rash onset. To do this, we limited our analyses to subjects for whom the diagnosis of measles infection could be made by using the second specimen alone. We also plotted the rates of decline of IgM positivity for the second specimens by time after rash onset for all persons and by vaccination status. To do this, we created Kaplan-Meier curves and limited our analyses to subjects whose first specimens were IgM-positive. Borderline results were classified as negative results when we identified events used in calculating the Kaplan-Meier curves. We then compared the Kaplan-Meier curves of vaccinated and unvaccinated persons by using the modified Wilcoxon test [9] . Finally, we compared categorical variables using the Mantel-Haenszel X 2 test and continuous variables using the stratified Wilcoxon test [10] .
Results
Patients and vaccination status. We included paired specimens collected between 1988 and 1995 from 166 persons. The median age was 11 years (range, 0-56). The first blood specimen was collected a median of 3 days (48-72 h) after onset of rash (range, 1-11 days; n = 166), and the second blood specimen was collected a median of 23 days after onset of rash (range, 6-47; n = 160).
Infonnation about vaccination status was available for 157 persons (95%); of these, 77 (49%) had been vaccinated previously (5 had been vaccinated twice). These previously vaccinated persons had been vaccinated a median of 13 years before onset of illness (range, 15 weeks to 18 years; n = 76). The date of vaccination was not available for 1 person, but this person had a confinned case of measles from an outbreak and presumably had not been vaccinated immediately prior to illness. The previously vaccinated population was older (median age, 15 years; range, 1-26) than the unvaccinated population (median age, 1 year; range, 0-56; P = .0001, Wilcoxon ranksum test).
Overall seropositivity rates. Both first and second serum specimens were IgM-positive for 130 (78%) of 166 persons. Of the first specimens, 143 (86%) were IgM-positive, 5 (3%) were borderline, and the remaining 18 (11 %) were IgM-negative. Among the second samples, 153 (92%) were IgM-positive, 2 (l %) were borderline, and 11 (7%) were IgM-negative.
Seropositivity offirst specimens over time. Table 1 shows the IgM results of first specimens by day after rash onset for persons whose second samples were IgM-positive. The seropositivity rate was 77% (77/100; 95% confidence interval [el], 69%-85%) for specimens collected within 3 days «72 h) after rash onset. Vaccination status did not affect this rate of IgM positivity (P = .229, Mantel-Haensze1 X 2 , controlling for day after rash onset; n = 93). The seropositivity rate was 100% (53/53) for first specimens collected on days 4-11 after rash onset.
Seropositivity of second specimens over time. Figure lA shows the rate of decline of IgM positivity for second specimens by time after rash onset for 137 of the 143 persons whose first serum specimens were IgM-positive (the date of collection of second specimens was unavailable for 6 persons). The rate of IgM positivity dropped from 100% at 4 days after rash onset to 90% by 4 weeks after rash onset, then declined to 65% during the fifth week after rash onset.
We next detennined rates of IgM positivity for second specimens both by week after rash onset and by vaccination status for persons whose first samples were IgM-positive (table 1, figure IB). We had vaccination infonnation for 130 of the 137 persons reported in the previous paragraph. For the 68 unvaccinated persons, the rate of IgM positivity declined from 100% at 4 days after rash onset to 94% by 4 weeks after rash onset, then declined further to 63% during the fifth week after rash onset. For the 62 previously vaccinated persons, the IgM positivity rate fell to <90% during week 3 (figure IB). The difference in the rates of decline of IgM positivity for vaccinated compared with unvaccinated persons approached but did not achieve statistical significance (P = .09; modified Wilcoxon test). Borderline IgM results were classified as negative IgM results when we identified events used to calculate the Kaplan-Meier curves. Table 1 . IgM results for first specimens by day after rash onset from 153 persons whose second specimens were IgM-positive and for second specimens by week after rash onset and by measles vaccination status from 130 of 137 persons whose first specimens were IgMpositive. Finally, we tried to assess if time since vaccination or type of vaccine received was associated with an early decline of IgM positivity (within 3 weeks after rash onset). To do this, we looked at the subset ofpreviously vaccinated persons whose first specimens were IgM-positive and whose second specimens were collected within 3 weeks after rash onset. In this subset, 3 of 41 persons had IgM results that were borderline (2 in week 2) or negative (l in week 3). These 3 persons had all received measles vaccine in or after 1979 (an improved stabilizer for measles vaccines was introduced in 1979) and had been vaccinated 1 year, 12 years, and 4 months previously.
Serum sample
Persons who had been vaccinated before 1979 (n = 29) were more likely to be IgM-positive in the 3 weeks after rash onset than persons vaccinated in or after 1979 (n = 12; P = .008 by Mantel-Haenszel X 2 , controlling for week of specimen collection). We also found that persons whose second specimens were borderline or negative within 3 weeks after rash onset were more likely to be vaccinated more recently than persons who were IgM-positive (P = .056, stratified Wilcoxon test, controlling for week of specimen collection).
These two variables are not independent; as one would suspect, persons who were vaccinated in or after 1979 were significantly more likely to have been vaccinated more recently than persons who were vaccinated before 1979 (P = .001, stratified Wilcoxon test, controlling for week of specimen collection). We were unable to determine which of these factors was the predominant one.
Discussion
On the basis of this study, a single serum specimen can be used to diagnose most measles cases with an antibody-capture IgM EIA if the specimen is collected between 72 hand 4 weeks after rash onset. In this study, we limited our analyses to specimen pairs with at least 1 IgM-positive sample. This definition excludes some cases of measles that did not have detectable IgM antibodies in either the first or second samples but might have been diagnosed on the basis of a 4-fold rise in IgO titers. Because we do not routinely diagnose measles cases on the basis of a 4-fold rise in IgO titers, we do not have a cohort of patients diagnosed in this manner to compare with results obtained when using the IgM assay. However, data from Erdman and colleagues [7, 11] suggest that the IgM capture EIA is sufficiently sensitive, even in previously vaccinated persons (97% [7] and 96% [11 D, and that missed cases would be rare.
In the present study, all first specimens collected between 72 hand 11 days after rash onset were IgM-positive. Within the first 72 h after onset of rash illness, however, only 77% of specimens were IgM-positive. These results are consistent with those of Lievens and Brunell [12] , who found that 3 of the 4 IgM-negative acute-phase specimens from 25 measles cases (all had second sera that were IgM-positive) were collected within the first 72 h after onset of rash illness. Our data suggest that serum collected during the first 3 days after rash onset will still allow detection of most cases of measles infection. This observation is encouraging because in some instances, the only opportunity that medical and public health personnel have to obtain clinical specimens from persons with suspected measles may be when the persons present for medical care, which usually occurs within the first 72 h after onset of rash illness. However, if EIA is negative within the first 72 h after rash onset, investigators should consider collecting a second sample later in the course of illness if it is important for infection management or outbreak control.
The results of our review also predicted a seropositivity rate of~90% from all measles cases with specimens that were collected within 4 weeks of rash onset (~94% from unvaccinated persons), with the seropositivity rate declining for persons whose specimens were collected >4 weeks after rash onset (figure 1). These findings are consistent with those of al. [14] demonstrated, using an IFA test, an indirect EIA, and a capture EIA, that the first IgM-negative specimens were collected >30 days after the onset of rash [14] . We found that the rate of IgM positivity for 62 previously vaccinated persons fell below 90% during the third week after rash onset (figure IB). However, the significance of this finding is unclear. On one hand, we may have overestimated the rate of decay of IgM positivity for these previously vaccinated persons. We classified the 2 borderline specimens collected during week 2 as negative when identifying the events used for calculating the Kaplan-Meier curves. If these borderline specimens were considered IgM-positive, there would be no apparent difference in rates ofIgM positivity over time between the vaccinated and unvaccinated groups (table I) ; however, the number of IgM-negative results would be too small (n = 3) to generate a Kaplan-Meier curve.
On the other hand, we may have underestimated the rate of decay of IgM positivity for some previously vaccinated persons. It is possible that the type of measles vaccine received, time since vaccination, or number of doses of vaccine could affect the duration of IgM positivity. For example, many vaccines produced starting in 1979 are more heat-stable due to an improved stabilizer, which may result in a more immunogenic product [15] . Thus, persons vaccinated before 1979 may be more likely to have IgM responses similar to those of unvaccinated persons. It is also feasible that time since vaccination may affect the duration of the IgM response to measles infection, possibly due to waning immunity, with recently vaccinated persons having a shorter duration of IgM positivity.
Our data do not allow us to differentiate between the effects that time since vaccination and type of vaccine received might have on the duration ofIgM positivity. Similarly, we could not evaluate the potential effect that receiving a second dose of vaccine may have on the duration of the IgM response (only 5 persons in our study had received 2 doses ofmeasles vaccine).
Further study will be needed to understand better the rate of decline ofIgM positivity among previously vaccinated persons.
In conclusion, our data suggest that, in general, a single serum specimen can be used to diagnose most measles cases if collected between 72 hand 4 weeks after rash onset by using an IgM capture EIA. In previously vaccinated persons, there may be a small increased risk of not detecting an IgM response to measles when specimens are collected > 2 weeks after rash onset.
